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(57)Abstract: 

PURPOSE: To obtain a truly polarization independent 
coherent light wave detection system which 
necessitates only the minimum detecting elements by 
using an optical hybrid device having a single polarization 
beam divider and three polarization maintaining couplers 



CONSTITUTION: A reception message signal ES(t) is 
added to a polarization beam divider 12 r and a pair of 
orthogonal components EH and EV is formed. A local 
oscillation signal EL0(t) is added to a polarization 
maintaining coupler 22, and the output is divided into a 




pair of almost equal power components EL01 and EL02. o^«.ti 1 4 *»■■ 

The components from each signal are added to one of 

polarization couplers 16 and 20. Those couplers 16 and 

20 provide four mixed signals in a set constituted of two 

signals in each polarization state as the output of a 

hybrid device 1 1. It is desirable that optical waveguide 

parts 14, 18, 24, and 26 mutually connecting each 

coupler are polarization maintaining waveguide parts. The 

output of the device 1 1 is added to a receiving part 1 3, optic/electric conversion is operated, 
this electric signal is demodulated, and a message signal is restored. 
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Euo2(0 - VPlo sinLcoLot+euoCi)]. 

[ 0 0 2 9] ®l*&2>t. mm&m&i&ftv 
loi (t) tt, ^V>T, ftlft3eHI$A^?l 6Cft2 
OA*tUT»&Sn*:«3iai»*ai[««)«»2 

*»ans. wsiiclt. fttf%fi«j^ELoi (t) 
«, ^ 2 ©fiiftiftjs* ^720 \z& 2 ©a* t hrm& 

[0 0 3 0] *5§W©ftl»r«tn«, flXJftMNilftffil 
4, 1 8, 2 4. 2 611 cnB^OAMHHWtR 

&©%>©.*:£ o> seot, *n^*t> -**i€ft©ft9fcii 
iDmye&fttizfy 1 6 i2 o nic}hi*.&ns. 

• (t) © l"*¥J tt&ftftEi (t) t-»(CM^<t'5 
[cM3fe*£#i§i!fc6B©8B# 24t26 ft fcifctfSn*. 

[0 0 3 1] ft^T, ftlO«ftlH»A^91 6ft©E 
10. (t) tEi (t) CE>ft»fttoftlCj:D. H^ISS© 

*ft&Lic, -tnsoftawiftan*. ^i©<i3titt^ 

n-5 : 
[ft8] 



Ehi(0 . WW + Jhnffl ^ 

Bin(l) . MiM . ^ 

Eiu(0=M(t)p>/p7cos(cD,t+e # (0+a,,) + «^ MnCcDujt+euoCO+IJ,,), ^i^' 
Eiu(i)=M(t)p>/prsin(aj,t+8 l (t)+aH) + "\J ■^-«w(o L0 H0 U )(t)+Pi0. 

snfc4fcfi«ttt3Siisn*. tt. isSE*ifffci*ttn«> meu! (t) tftfff 

[0 0 3 2] iaaOdiiWIBWlC, ft2©iB7fcft&# 50 *. tot. ens 2 ^>©©^tt, 3H» S ft 
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0) 



(7) 



4$B8¥7- 1 5 3 8 6 



11 



12 



*y5 2o ^©ATjicfetts 9 o - ommz&wttx 
[0033] ^cDmetci dis^ev (t) \t, 

fi&JfrftEio* (t) t-«tcM^;:«!:*t«gE$n,S. 

mftm&m&&<D&& 1 8 1 2 6 *», e*n^7 r-r * 

LE V (I) + 



EviO). = 
E V2 (t) = 



|Eu»(t) + jE v (t)j 



im*-??! 6 ©<*&©<£ 5 Jg2©<l7t8l8;*j:/7 
2 0^6>©ta*E»i (t) tEn (t) tt. ^©i"t< 

[»9] 

jEu)2(t)J _ „ 



V2 



— cos(o)u)t+9u)(t)+Pv). /X 
E V2 (t) = -M(tW 1-p 2 VPTcos((0,t+e 8 (0-Kxv) + -\j 



[0 0 3 4] r PJ t n- P 2j fcflt±E©Sfc 

T^StV^^iS^-r. fct. Sgl<»:3g2©<i§Xlft 

1 6 12 o©ttj*tr*viT. ^n6.©m^«, 

[0035] hi^k, «^e,i (t) &MX.mmm& 
es2 7^»ai$ti, ##e B2 (t> wwvmmm$Li&2 

8CttffiStl, ft^Evi (t) #<lftgliti£«&2 91: 

sttB^n, fbt, b&ic. #^e« 2 (t) imyam 

\Zt* VJz£ 5 fc, 2 6-3 0 «#/W yj9H8 50 

[0 0 3 6] ft/W y HiBl i^e©as*tt. * 

©&, s^ggi 3tA*tbTin^6n, sessi 3 

Stibti ©ttStfg^ £>£oi£nfc* y 

[ 0 0 3 7] 01t£43V>T> ft^E., (t) tE 
n (t) ti, mi©¥«SffiS3 2fCA*tbTJO^.e.5K 

pp. 

2 

Plo 



Plo 

-y sinCOLot+eLoOJ+M, 

c©^i©¥«5^«stt, 3t^*-?-©mam^K 
&&tz>&5mmtz>. mz. «^ebi (t) «A*t 

bT^l©7* h^-f^-H 3 4 ICATJtbTiD^. 5 
n. fLT, M^E H2 (t) H^2®7*h^t- P 

3 6 KlATJ.fcLTftl^S.ftS. ^©^ft^W^tt, # 

t» 3 8 Tf^^nxm 1 ©¥issmg§ 3 2 ©m 

DtVTii (t) t^Ufc7t*»SS«-T5. 

[0 0 3 8] mWz. fl^E,, (t) tEvj (t) ttA 
*iLTfg2©^gfISS4 OKim^n^. Jl©Jg2 
©¥ISg#S84 0«> -*f©7* 2, 4 

4 fcJS«S4 6£#U S2 0¥i§HS4 0 tt, i» 
(t) £^Lfc&2©ft««J£m^iLT5g£-f5. - 

JSC Affile (t) ti, (t) tt. #©^<h<jtSi 

mtms : 
»1 0] 

i H (t) = qE„, 2 (0 - E„ 2 2 (t)J, 
iy(0 - QEvi J (t) - E V2 2 (t)3. 

[0039] ±ia©s*#figbT, «T©s^-r;:t 

: 

[&1 1] 



E H , 2 (0 - ^. + 



E H2 J (0 



(t) =0io (t) -0s (t) Tab D> co 1F 

(t) a>e,E„2 2 (t) ssi^gc-rst, #«85n 
h (t) fcWL-d»< rtfcftD, &©w«##$n 

•5 : 
[&1 2] 



MOp-yJ PLo-y 5in(a>,F-HKt)), 
^y- - M(t)p-^ Puo-y sin(co 1F t+<Kt)), 



i„(t) = 2CM(t)p 



sinlo>!F(+4»C0J. 



50 



eintt, dc©«©pio/4 tPs/2^ffls^n-5*> 

[0 0 4 0] R«fCbT, ^©SC*^-rct*«T?€ri> : 
[»13] 
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THIS 



(8) 



#M¥7-15 38 6 



13 

i v (0 = 2CM(t)Vl-p 2 '\/pu>-Y ^"I^fM^OI. 



14 



M*©3t««£ii (t) ii» (t) tt, ftftLT, 
Tpj <om^^ *bT. ^ng{MIfttfc#S:<!:#*. 
StlS. H©<Sfttt#£tt. £TF£»L 5 

[0 0 4 1] mi \Z&^T, i b ( t ) tt, A* 

gi©-fit5oa (^K»*iswctt> sem 

«) tt, ttftii (t) S»:liJB2©jS»K»WU 
[0042] g^i. (t) <h i H (t - r) tt, }fclc» 

(t) ft»j«-r*. rcoi B 2 (t) », ^tsuis 

: 

»14] a? 
i H 2 (t) = 2C 2 M(t)M(t--t)p 2 P U) P I cos(A<>), 



KUCLT, A<f>tt, §<f> (t) (t-r) tL/T^g 
[0 0 4 3] R«KLT, ftftifc i » (t) ttATJtb 

tih^ss 5 6 $«-r^=:iisa 5 2 ICjD^n^Tm2 O 
-*fflfl«a&uv j (t) zm&i-rz. zz\tz, 

«1 5] 

i V 2 (t) = 2C 2 M(0M(t-t)(l-p 2 )Pu)P.COS(A<J.). 

*%Kt«fcntf. S=*tl5 0, 5 2©jgMrtt, SI 

[0 044] -mttiJimffii* 2 (t) tit 2 (t) tt— 
M©A'>t«/U7^M5 8, 6 OK.fcO^JkS'Sn 

ftfc«*l r i H 2j (t) t n,*j (t) tt, ^(riniS 

fg6 2 (C^ViTSStWJCiinWSnT^fflv'X-rA 1 0 
a>£0££ttfctiiA;*y-t-v^#R (t) *gft-f 

»1 6] 



R(0 = r iii(0 J + r i V (t) J 



= Id-P 2 ) + P 2 I • IC 2 M(t)M(t-i)P u ,P t cos(A<())J 
= C'MCOMC-tJPuoP.costAW, 



~ <g3tefe#ttric# r PJ t n-v 2 i tt, -fk 

^©fcfetCH^Snfc^yfe-^fl^R (t) 30 

[0 0 4 5] Hi it^bfc:2fc-P>hftifc&ai->XT- 
Att, ±S*©«t5t» <sr6fWPttaK**4Wt*f t 

-#©gij* © Aa«**sBtrr*&«>fc*to Lxt>«k. 

H^©J:3fc, ?g2©A7J«^E ' s (t) tt, 

2*6©m**»3&»7CO«*Ei (t) \Z 
5**felf-A»t» 1 2 KJDA &n*. 
[0 0 4 6] -T&frS, 4tC»oT^»l1-^M 
#©{g^©j£#ttit3£U ^bt, n«lz. *afc«l 8 

8igi!felS$©ttWtt, H-WB©IIBSE«36««pefri:t>«« 

#*dvrr*rt*ft*J:3fc*>©-e**. 
[0047] (wt o m-(Dmm»<o) mwm&wmE 

'lo (t) tt. m3©«3t«t«f7J^7 2 2©S»3©A7J 

jStciBTisnTE *s (t) ta^sn, ±etH— © 

«R©B^«#*!I«-r<5. fi£oT, B-OM^'Jy 
H8B1 l£ftftSl 3£#JfflLT, »2©/yfe-5? 
«^Srin^'5^i:{C<tD. SKCR' (t) tUTSL 

fcJB 2 ©5*— ^«*3wa«sn*. 
[0 0 4 8] ±B©J:3£. #fgW©8*l5tt, fiifttft 5(7 



icgni/Tfej-vi. H2tt. rne.©«itiss«-r-5^ 

<h7>t-?£5!ft?£©&tngBl oo^st. ffiffiy-f ;t- 
->^tt, ±lB©«fc3fc, U-1f-B©«V»««©«R 

[0 0 4 9] ftfc, v FSBtt, 0° £18 

o* ©fctttti&ttffissfci&^jiioari, 90* t2 7 

0- ©**f«tt«36tfr3JB2©»t*«*.&-ft4« 

©#«^*#j***fc*jcflyBL.T'bJ:v». 3t/w^u 

y FSfil l^©A*AK:fcl**2©fi«aM;t>. *< 
LT, ±E©«*^/t-5/?^W-JHc«&-«©ffl* 

[0050] flsftattfi^n—>r^ stc^ta 

BJIEtt, Journal of Lightwave 
Techno 1 ogy , Vol. 7, No. 5, M 
ay 1 9 89, 7 9 4~ 7 9 8 tCjt^-SD. Ho 

f f ma n nftfc<£$ Hntegrated Opt 
les Eight — Port 9 0° Hybrid 
on LiNbOiJ tt£M£><DtSt3ClZj&t>tl£.5 , 
[0 0 5 1] $M2Sl5i:, nfc-U->h&tiJgB 

i o ott, *3tsaujta**j:i«fcHaiisca*ftii«'r* 

£ fcj9»*e**3l£A-f y U s- FSB 1 1 0 1 2 ^©gij* © 
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^tm=L~y h 1 3 2 1 1 3 4 &WT5SeS 13 0S1 
*TV>-5 Wflsfcfc^T. Si^-yt-^ 

m^Es (t) «. A*tUT(g5felf-A^fiJSl 2»C 

w^©^e» (t> tEv (t) 
too5 2] cct?*^ei (t) it. mytmftyyf 
A*©sgi©a$#i 4ic»^Te^b, m^E, (t) 

-r*. aisflxoAffixsttA^ELD (t> \z, ffixm 

ft-*)?? 2 2 C£oT^A7-©j£T^L<#f!l3nT 
111 tH2©j4»Eioi (t) tEioa (t) if 

©^»Eioi (t) «, um^y7-in<om^2A\z 
»r>retfA,u A^Etn (t) «, mytm&y7< 

[0 0 5 3] ^-STCmi/ftJtA-f ^'J y Pgfil 1 0 
©&#«> SI ICgiabT±IC^fc ! b©i:i^-T2& 
S. BlflMt/wyiJy PltBl 10I1CDI 

ytamtiyy 16^2 ©«7fc»## ^20 », 
w©c©tt«auisftiii««ifi:a-3T* 1 ©ftffiy-r a*-v 

/w y pus 160. m 2 ©sn^ a— 
* /w y pk* 200 icj:t>T*n-?n«*«* & 

[0 0 5 4] -HRWJC, ttt^/l-^;w?ij» 
H&B16 0HU 4fi©giJ*©i§3teltJt7j:7y<!:tir*§2E 
tt#a**UTV»*. Wfc. flrett&Ei (t) », A 

*tbTHi ©^y^ 162 ^©mi© 

5tJ^7l62IJ 1 Eil (t) &2-D<D&\X(Dmmzft 

RaBfSJg8g^»ELt. 1 (t) ttA*£UT»2©* 
77 1 6 4 fCimAStt. i©S2©*^7l6 4(l jfc 
#Eio 1 (t) *2r)OB"J*om^fc»«-r*J:5fc« 

[0 0 5 5] C OSdMOttB^'f A-vx^ ©ffi«fc 
«tn«. S-CD*^7 1 6 2 0*^5 16 4*6 

©4^©m*tt. Et»cttffiaeanT, -€-©2t3©* 

y-fe-5?«*©IBlC9 0* ©<£*B^» ROC nttic. -e 
© 2 ^©M«5!S«M^©rafc 9 0 0 ©&«£&##« 

-r«£3ic£tv&. jgi ©{£«-> 7* i6 6ii as 10 

ScbT&r), f 2fflfiffly7? 1 6 8 tt. i2ffl*^5 
1 6 4d^©^2©ta7Jtr<S"&Sn<5t>©tbT*UT 

[0 0 5 6] r©ffifflg3g©^yfe-y^e» jfcfc, 
& 3 0X75 1 7 0T#«£A«SHEm*£tt*&b 
mZtotl-fy 1 7 2*^©2"P©lil7J«, 18 
0° ©«»tt*Se**"3-#«D«*fcfc*. 
flrfi/W^U y PSfil 6 0©*— hAHtBHKSItt 



(9) WW^-l 5 3 8 6 

15 

[0 0 5 7] *-hCHtDHC*n5S4CD*y7l 
7 2*^©-M©Ul73fe 18 0° ©fitfBg£#Otf, R 
«7tSn Cfftfc*. iEK«©*-S#r*) . i©^4 
©*^7l7 2*e,©-»©fflA(t J^-pAHtBH 

[0 0 5 8] ftoT, tf-PBH, CH. DH*60W 
Aft. #-pAH*6fl!>ffl*fi:Hll/Tl 8 0* , 9 0 
' , 2 7 0° ©tMH**#Ot>©fcLTj£*-r*i:fc 
10 <tn«, /W^U y Pgfi 16 0© 

4a©#-hAH, BH, CH. DHA^ffl — tfi4f@© 
HUM*. H2l:*HT rfcspj STttSSU&R-HSJt 
©fcCD-C&S. 

[0 0 5 9] C©-a4i©tHAa, ^IC. gftSgl 3 
0 ©fg 1 ©¥tSflSi-7 M 3 2 CAAfclTM 

enrtxfc^. §«sgi3 2tt, 0 i ©sffis i 3 

mmMLT^Z. SHSgJ--y h 1 3 2^e>©ffi7J 
tt. *><lxT, Artfi*©tt«&tta£Ufc««I 
. (t) TifcS. 

a? [ o o 6 o ] a o ©«£«}£©&$m> fiffly-f ;t- -> 

f^/W y PSB2 0 0 itTh£r,\ £© 

ttt^A-J/f-f/W^U y PSB2 0 Ofi, ±ie© 

ttfty'fn-j'f^M^'j y P8B i 6 o t^Rota 

B«»H--C**. ftoT. teffl^-f A-vtVA^U 
y PSB2 0 0©m?Jtt, j£#E» (t) <h El o 2 (t) 
B4B©«^T?'*D» #-PBV, CVt 
DVCfftt, #-NAVd^©til73lC*fbl 8 0" . 

9 0° , 27 0° ©ifciBs&s*n*h*rr5. 
[oo6i] ^tts©4ffl© mmi mti\t. jfcic ± 

50 feg U fcSffiggO-n y M 3 2 fc H-OB 2 ©¥SS 
gga-y h 1 3 4t;A73,tLTJn^e»nS. ®2©ip 
S§«S§n.-y M3 4I1 *>< Lt, A73«^©fiffl 

t\z$i&cDmmu (t) *m*i:LT5s^-r-5. mi 

0©«^©ii^ [UtSSnfc^y-fe-^fi^R (t) 
tt, JUD^SS 1 4 0 T?, S«§gO--«y M32tl34-t 

n^n^e»©m7j«^iE ct) ti, (t) *m*-&t> 

±E©i5l;> HDSEgil 4 0©jn#-?rau HSbfe^y 

40 [0 0 6 2] S3(i 02T^Lfcg«T#Wl/rfc«fc 
^©fiffiy-fA-v'xWA-f 7V y P^Bl 6 0 0£ 

Hg|ll6 0©A7'7l6 2lt ^©*SS0!|T«. 4 5 

0 ©@|g^ 16 10 tS7tH-A7>f!lS 1 6 2 0TB& 

*nrv»*. 0 3ic*-r«k5c, ne^i 6iou, *s 

^Eb (t) CML4 5' ©@te*-^ASJ:5tc{i^a 
jt7 y-f A 1 4 teffiy-f A'— A-f y Pgfi 

1 6 0 0 t©MlCttBSl©$nTViS. 

[0 0 6 3] Ie||gt<fc0. <i7tf-A^fiJSgl 6 2 0 

50 «, &\z. «^eh (t) sas^bv^7>jc7>fd-rs 
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!in fiCfflv-^^ 1 66t*^ 
7 1 7 0, 1 7 2^l/T, ±E«J;5iC, fetfA/T 
5. H&fcUT, fi£#Ey (t) tt, i2©45' ©0 

fEi (t) ©®&t;: < fc0, A><lt, <S3fcb*-A#SJ 
8gl 6 2 0^S©ffi7j£LTJttfclfc^LV>A''7— ©— M 

©m^ffi^sn*. 

[0 0 6 4] tmommmizteXftmommM' 

*»W©IS©*lS«tt, 1 -t'H 2 ©*«£<§«©«/£ 
-©7* h^*-F*B***T*JM©MMM*«e 
[0 0 6 5] 3 **Wtt, ^X^ASrffJffl-T^D 

psK*«fciR«sn&K -tntt. fsk (s«a&-> 

>£0 XNC*tn9& ctuc»ganftv»W©a«35rtt 
**, *»W©3C/W^UyF««TSWffl-r*Jlt , bTf* 
#lc. FSKaB©fMlteJ:D, &©ffi* 
fcl/fc*»*y'te-3WEi (t) !&t#Sft£ : 
«1 7] 

E,(t) = V2PTcos(oo s +Aco)i, 

««, *2©*»Bic*fLTttft*fcHftsn*. 

[0 0 6 6] *V>tt£fc. ASKCffifflCiD^Offfl 

sus-swbi < t ) amznz •. 

OKI 8] 

E,(0 = M(i)V2P7cos(o,t, 

:CT, $ 1 ©Wlllfctfl/TttM (t) = 0T&»3, 
J|2©|fc«BIC*fl,Ti4M (t) -MT*«. 

[o o 6 73 j£k±omm\t, **ra©-3MMifcH-r* 
*>©t, ci©s«r9-»©s^#-esn«. *f8i£©a* 

©«*«M**Ai».5*», *n6ttv»rn>b*»in©ac« 
WttHfcft^an*. i*» #fff»*©*5ffljriai6bfe# 
js«F<»tt, 3S9i©«Bfc5S#©fc»T, *©&«&« 

tflS3ttt3tTfS^»©ttaiil5S©*L*><feilt«T, a 
[0H©flPifciB9n 



(10) W7-1 53 86 
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[si] *!MifcaoT»j«anfc3iEA-f ? fsb 

[02] *55wtfieoT^j*anfcfi3ttt«ittic3t/N'f 
7u v H««**afflr*is©«3tiki3 t-u> 

[03] H2ic«Lfc»«r««-r*tt36«Tr**MyN 

•f y«J 5/ FgB©M©<M^/t-3/^a^*jK*-. 

V 10 3b-W>h3t««m>'X5 1 A 
10 11 JE/W^'Ji/KSl 
1 2 «3ttr-A5MB« 
1 3 £«8 

14 fift*i^fc$©S?l©ffi# 
16 »l ©£#*»#:/? 

1 8 filftlt*5MISi!fcSB©Si! 2 ©&# 

2 0 SB2©flBtlB»*y9 
2 2 &3<D®ftimt>77 

2 4. 2 6 Btt*68i*lft«©ffl# 

2 7. 2 8. 2 9. 3 0 ffXJfttttttttt 

a? 32 mi<owm§:mm 

3 4 *l©7*h^-f*-H 

3 6 ^vthtr-i-t-Y 

4 2, 4 4 7*h3^f*— F 

4 6 JWR» 

5 0 ^l©-*gH 
5 2 ^2©-*gB 

54. 56 mnm 

5 8, 6 0 /1>H/U7^M 
1 0 0 fcWISB 
50 110 3t/W^U5»h*gB 
1 3 0 

1 3 2, 1 34 ¥«§©§|a->yh 

140 tamm 

1 6 0, 2 0 0 tfcB^-f A*-5o^ /W 7U y FSB 
164 12(0*^7 

166 ilOftfi->7^ 

170 3S3©#:7*9 

172 ^4©*^ 

2 0 0 tfcffi^-T /t-S/? * A-f 7U y FSB 

40 1600 ttny-r n->r>f a-t ^ y y f«b 

16 10 Eft? 
1 6 2 0 «Dfct-A#MS§ 
Es (t) /yt-^OT 
Elo (t) 
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(11) ^H¥7- 1 5 3 8 6 




t k«h 11 



13 S(gS 



=i t - u * h SttttUl f x -? a io 



[02] 




© 



"5? SfBB 



[03] 
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